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Citizens living in the Columbus, Nebraska area once met all of their local electric 
power needs via the Columbus and Monroe hydropower facilities.  Today, this area 
imports significant quantities of electricity via high voltage power transmission lines, 
thereby creating dependencies on areas far away.  The purpose of this study was to 
examine the potential for wind power within this area of Nebraska—in order to generate 
electricity, income, and energy security at a more local level.  A thorough analysis of the 
local wind resource, and its comparison to the local electric power demand, demonstrates 
the economic feasibility of producing electricity from wind power within this area. 
The study region includes the Cornhusker Public Power District and Loup Power 
District service areas within east-central Nebraska.  Boone, Colfax, Nance, and Platte 
counties are entirely within these two districts; portions of Greeley, Madison, and 
Wheeler counties are also served.  The varying landscape includes:  low-lying creek and 
river floodplains, high plains, moderately sloping clay hills, and rugged sand hills.  The 
local wind resource is abundant. 
I downloaded and processed meteorological data from Columbus Municipal 
Airport for calendar years 2005 and 2006; subsequently, I utilized standard atmospheric 
equations to extrapolate wind speeds to a wind turbine hub height of 80 meters.  
Calculations using these extrapolations and the power curves for Gamesa G87-2.0 and 
Suzlon 88-2.1 wind turbines project the quantities of electricity that can be generated.  
The local wind resource and projected power outputs are aligned graphically to the local 
power districts’ demand loads on an hour-by-hour basis. 
A $4,000,000 installed two-megawatt nameplate capacity wind turbine located in 
this area would produce approximately 3,700,000 to 4,000,000 kilowatt/hours per year.  
It is reasonable to believe that an approximate price of $0.14 kilowatt/hour would pay off 
the wind turbine over a 20-year period.  The northwest portion of the study area would 
naturally yield more favorable conditions.   
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Introduction: 
 
 
In the United States, a significant energy transition is beginning to take place; 
non-renewable fuels are gradually being depleted, while renewable systems are gaining in 
technological viability, social acceptance, and economic practicality.  What is not known 
is what kind of energy transition this will be.  Will the transition be rough, expensive, and 
uncomfortable; or will it be smooth, cost effective, and relatively painless? 
Despite the rapid international growth of the modern wind industry, there is still a 
considerable deficit of knowledge related to the localized environmental conditions most 
suitable for the site selection for wind turbines in many areas.  Variations of terrain and 
topography significantly affect the wind flow patterns across, above, and around the 
landscape.  As wind speed is typically the most influential factor in determining the 
economic viability of a wind farm, it is of the utmost importance to understand the local 
wind characteristics before proceeding with individual wind turbine site selection. 
In this thesis, I examine a local wind resource within a rural setting in east-central 
Nebraska.  The characteristics of this wind resource are assessed, and a projection of 
available wind energy is made via appropriate atmospheric extrapolations and 
calculations.  This projection is compared to the electric power demand from two local 
public power districts on an hour-by-hour basis—for the purpose of assessing the 
economic feasibility of generating electricity from wind power within the study area.  
The study area’s preferred sites for potential wind turbines are examined on the basis of 
available electric power infrastructure, terrain and elevation, and population density.  
Overall, the primary goal is to assess the study area’s ability to reduce its dependence on 
the importation of electricity by capitalizing on its own local wind resource. 
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Thesis Purpose: 
 
 
The purpose of this thesis is to examine the economic and environmental 
feasibility of generating electricity from wind energy within the Cornhusker and Loup 
Public Power Districts’ service areas located in rural east-central Nebraska (Fig. 1, p. 3).  
In reference to meteorological and topographical data, a generalization has been made on 
how much electricity can be generated with certain models of commercial-scale wind 
turbines.  A comparison of this information to the study area’s energy usage patterns will 
be undertaken.  This process will assist in determining the economic viability of wind 
turbines within the study area, as well as the potential for local economic benefit. 
When dealing with commercial-scale wind turbines, proper site selection must be 
a prominent consideration.  These wind turbines can potentially be in place for 20 years 
or longer, thus their presence on the landscape is evident—to say the least.  Issues such as 
light-flicker, acoustical noise, impacts on birds and wildlife, and an obvious change of 
scenery are some of the practical considerations of wind turbine site selection.       
 The suitability analysis conducted within this thesis largely reflects the relevant 
“energy end-use analysis” concept—as previously utilized by Deborah Feder, and other 
geographers, in their work on site-specific analysis.  This particular concept and 
methodology fits well into the realm of regional-quantitative geography.  Feder states: 
Energy end-use analysis . . . uses quantitative and qualitative techniques.  
It emphasizes the matching of localized physical resources with localized 
human needs, and relies on mathematical techniques and data analysis 
tools used by both quantitative geographers and regional scientists in their 
assessment of the region. . . .  Such an approach brings together theoretical 
applicability and site-specificity to make energy end-use analysis a 
theoretically informed, location-specific, energy strategy.”  (Feder 2004, 
187) 
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The Problem: 
 
 
Within Nebraska—and the United States as a whole—there exists an excessive 
dependence upon non-renewable fuels for the generation of electricity.  This dependence 
creates an inherent uncertainty in our future supply of electricity.  As our demand for 
electricity increases, prices will rise with any shortages in supply.  Overall, our current 
electrical power processes and infrastructure present us with important problems to solve:  
dependence on non-renewable fuels (some of which are imported from foreign countries), 
price fluctuations, power grid vulnerability, distance between the generation and end-use 
sites, and emission or pollution issues. 
 
Dependency on Non-Renewable Fuels: 
 Our current fuel mix for electrical power generation depends heavily on non-
renewable fuels:  coal, natural gas, petroleum, and nuclear fuels; this implies a future 
threat of resource depletion and rising energy prices.  For the year 2007, the Energy 
Information Agency of the United States Department of Energy listed the following 
percentages for electrical power generation fuels as follows:  coal—48.5%, nuclear 
fuels—19.4%, natural gas—21.6%, and petroleum—1.6% (US DOE EIA 2009).  
Therefore, 91.1% of the fuel mix utilized for the generation of electricity within the 
United States was non-renewable in that year.  Meanwhile, the Nebraska Energy Office 
(NEO) listed Nebraska’s amounts of non-renewable fuels utilized for the generation of 
electricity in 2006 as:  coal—65.79%, nuclear fuels—28.20%, natural gas—2.35%, and 
petroleum—0.07% (NEO 2009); this equated to 96.41% of the state's fuel mix.     
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There is a substantial risk in depending too much on any given fuel for the 
generation of electricity.  Solomon and Heiman (2001, 463-464) commented on the 2000-
2001 California power crisis.  They noted that natural gas accounted for 31% of 
California’s electric power fuel mix; unfortunately for the state’s citizens, the wholesale 
price of natural gas rose over 500% from December 1999 to December 2000.  Another 
contributing factor was that California could not import electricity from the hydropower 
plants of Washington and Oregon because of a drought.  Supply could not meet demand; 
rolling blackouts and higher prices were the problematic results. 
The United States as a whole is very dependent on natural gas—particularly when 
it comes to electric power peaking production.  Scott Gates (2008a, 10-11) details the 
significance of a recent boom in building gas-fired electric power plants in his article, 
“Bridging the gap with Natural Gas”.  Natural gas is favored for electric power peaking 
due to the ability of gas turbines to instantly produce electric power as it is demanded by 
customers.  Nuclear and coal electric power plants cannot respond as rapidly—they can 
take several hours to “ramp up” production.  When it comes to site selection, permitting, 
and construction, coal plants can take six to seven years to build—and nuclear plants can 
take over ten years.  In comparison, simple natural gas plants can be online in about 18 
months, while combined-cycle natural gas plants (which capture and reuse steam for 
more electric power production) can be online in about two years.  Environmentally 
speaking, natural gas produces about half as much carbon dioxide as coal when 
combusted.  For the above reasons, there has been an increase in demand for natural gas.  
Electric cooperatives in the United States expect to add 21,000 megawatts of capacity 
over the next ten years—more than half of this will be from gas-fired power plants. 
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Ultimately, this perpetuates a lack of diversity and a dependence on a select few 
resource fuels for electric power generation.  Gates (2008a, 10-11) emphasizes this 
problematic natural gas situation with clarity; he states, “According to the U.S. Energy 
Information Administration, if natural gas consumption continues at its current rate 
without an increase in imports, national reserves will be tapped out within 10 years.”  The 
United States imported 4.5 trillion cubic feet (Tcf) of natural gas in year 2007, or roughly 
19.5% of its total consumption.  Of this, Canada supplied 83.0%, Trinidad 10.0%, Egypt 
2.5%, Nigeria 2.0%, Algeria 1.6%, Qatar 0.4%, and other countries 0.5%.  The United 
States’ dependence on foreign countries as sources for natural gas is likely to increase 
and continue for some time. 
 
Geopolitics, Supply and Demand, and Worldwide Price Fluctuations: 
Dependency on non-renewable fuels, depletion of resources and reserves, and the 
importation of fuels makes the United States potentially vulnerable to tense geopolitical 
situations.  The European Union (EU) is already experiencing this.  Robert Wielaard 
(2008) of the Associated Press makes this potently clear in his article, “EU summit to 
focus on Russia”.  The European Union was put into a precarious situation during the 
conflict between Russia and the nation of Georgia.  In reference to this, Wielaard notes, 
“Russia supplies the EU with a third of its oil and 40 percent of its natural gas—a 
dependence the European Commission says will rise significantly.” 
In retrospect to particular political, economic, and military alliances, the world 
has the potential for significant geopolitical instability—and the consequences of 
instability, especially international warfare, would have adverse impacts on worldwide 
supply and demand chains.  Natural gas is not utilized solely for electrical power peaking 
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plants, but also for home heating and cooking, grain ethanol distillation, transportation 
fuel (such as for forklift operation), various heat-related industrial processes, and as a 
feedstock for producing agricultural fertilizers.  Hence, any area similar to the study area 
of this thesis would be adversely impacted by sharply increased costs of natural gas. 
Distillate and residual fuel oils derived from petroleum that are utilized for 
electric power peaking plants are also non-renewable; thus they are subject to volatile 
price fluctuations on the worldwide market when the supply is seriously threatened.  The 
energy crisis of the 1970’s was the first hint of this rapidly emerging problem.  Hirsh and 
Serchuk (1996, 286) state, “The energy crises of 1973 and 1979 sparked oil price hikes of 
more than 400 percent (coal prices increased by about 200%) during the decade, causing 
electricity rates to rise as well.” 
Of great significance, a geopolitical power shift has been gradually emerging 
since the 1970’s—which may yield even greater future supply and price uncertainties.  
The article, “Big Western oil companies feel pinch of resource nationalism”, in The New 
York Times (2008), clearly describes this geopolitical power shift.  Western oil companies 
—such as Exxon Mobil, Chevron, and ConocoPhillips of the United States; BP of the 
United Kingdom; Royal Dutch Shell of the Netherlands; Total of France; and Eni of 
Italy—controlled well over half of the world’s petroleum production until the 1970’s; 
now, these same companies produce only about 13% of the world’s petroleum.   
Countries with adequate petroleum resources remaining are seeking to renegotiate 
petroleum contracts, with terms less favorable to the traditional western oil companies; 
thereby, these traditional companies are being squeezed out by state-controlled oil 
companies (The New York Times 2008).  This is the “nationalization” of the oil industry; 
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it is good for the countries—or more aptly, the countries’ governments—that own the oil, 
but unfavorable to those who seek to import it.   
Clearly, the ‘writing is on the wall’—and that writing is boldly manifested in the 
newly renegotiated petroleum contracts.  Additionally, persistent problems and repeated 
scuffles in the Middle East consistently cast a shadow of doubt upon the worldwide 
petroleum supply; dependency is not an ideal situation in a world full of malicious 
geopolitics.  Recall from the previous discussion of natural gas, above, that the United 
States could deplete its supply in roughly 10 years; the rapidly declining petroleum 
reserves have limits as well. 
 
Local Price Fluctuations:   
When demand exceeds supply, basic market system economic theory indicates 
that prices will rise accordingly.  Algis Laukaitis (2008), writing for the Lincoln Journal-
Star, states that Black Hills Energy, a natural gas provider to portions of Nebraska, may 
need to raise residential rates due to higher demands by the electric utility and ethanol 
industries.  The study area of this thesis would be affected by this price increase. 
Lincoln Electric System (LES), a public power utility serving the city of Lincoln, 
Nebraska and nearby areas, and Omaha Public Power District (OPPD), a public power 
utility serving the city of Omaha and portions of southeast Nebraska, have been forced to 
increase electric power rates due to higher fuel, material, and transportation costs.  
Although these two public power systems are not directly in the study area of this thesis, 
they are currently interconnected to Nebraska Public Power District (NPPD) high-voltage 
transmission lines that carry electric power across the study area.   
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Lincoln Electric System is highly dependent on its natural gas peaking facilities, 
and these facilities generally stabilize the power grid in eastern Nebraska.  A letter from 
Lincoln Electric System to its customers (dated July 21, 2008) explains the situation of 
the rate increases.  For one thing, spot market purchases of natural gas are approximately 
$1 million above budget estimates.  The letter further states: 
Higher energy costs are being felt across the country.  For instance, the 
Federal Energy Regulatory Commission (FERC) recently reported that 
future prices for wholesale electric power range from 60% to more than 
100% higher than last year.  In fact, FERC said this could be the beginning 
of significantly higher power prices that may last for several years.  (LES 
2008) 
 
Omaha Public Power District is more reliant on coal-fired power plants.  These, 
along with a nuclear power plant, provide stable baseload electrical power to eastern 
Nebraska.  Unfortunately, the costs of coal and coal transportation are rising fairly 
noticeably.  The October 2008 edition of Outlets, a newsletter that arrives with Omaha 
Public Power District billing statements, states the following: 
To pay for unprecedented increases in coal and rail transportation costs, 
OPPD has proposed a Fuel and Transportation Cost Adjustment.  If 
approved by the OPPD board of directors, it would take effect Jan. 1, 
2009, and appear as a line item on customer statement bills.  (OPPD 2008) 
 
The recent cost increases of various fuels are so significant that Nebraska Public 
Power District, along with its associated public power wholesale and retail member 
districts, have created a new website called “It’s Your Power.”  From the years 2004 to 
2008, the percentage change of “Spot Market Fuel Cost Increases” was:  Coal 68.6%, 
Natural Gas 102.9%, and Uranium 403.2% (It’s Your Power).  Obviously, these non-
renewable fuel price spikes are beginning to affect the local consumers of electricity.  
Remember, the fuel cost of wind remains the same over any given time period:  $0.00. 
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Environmental and Health Factors: 
Besides the dependence and price problems discussed above, environmental and 
health factors should be concurrently considered.  The combustion of fossil fuels (coal, 
natural gas, and petroleum) leads to the creation and release of carbon dioxide and other 
greenhouse gases, as well as Volatile Organic Compounds (VOCs) and sulfuric and nitric 
oxides (Tester et al. 2005, 32-41).  Meanwhile, Béla Munkácsy (2005, 135-137) briefly 
discusses the environmental burdens caused by various stages of electric power 
production from certain fuel types; she notes that wind energy is a cleaner producer of 
electricity by comparison.  When it comes to nuclear power, where should the radioactive 
waste be stored?   
Wind turbines do not naturally emit greenhouse gases, nitric or sulfuric oxides, or 
dangerous VOCs; and they certainly do not have radioactivity issues.  Yet, it should be 
noted that problems with light-flicker, acoustical noise, and low-frequency vibrations can 
be associated with wind turbines—particularly the commercial-scale wind turbines.  
However, proper planning and site selection can mitigate these problems.   
 
Power Grid Operability and Security: 
In addition to energy dependence, price fluctuations, and environmental factors, 
attention must be focused on power grid system maintenance, operability, and security.  
The utilization of non-renewable fuels generally requires large electric power generation 
facilities to take advantage of economies of scale; this concentrates the production of 
electricity into a relatively small number of places.  Such is particularly true for coal and 
nuclear power plants (Tester et al. 2005, 700).  Martin Pasqualetti (2000, 384) notes the 
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significance of water for heat transfer within power plants; he asserts “This results in a 
tendency for power plants to concentrate along rivers, lakes, seas, and oceans.”   
These conditions create a situation of vulnerability from both natural hazards and 
human threats.  Natural hazards are of two major types:  geological and meteorological.  
Geological hazards include events such as earthquakes, volcanic eruptions, and 
landslides; but these are only a trivial threat to power infrastructure in Nebraska.  
However, meteorological threats are a much different story.   
Severe thunderstorms (with fierce winds, heavy rains, lightning strikes, damaging 
hail, and periodic tornadoes) regularly harass Nebraska in the spring and summer 
seasons.  The autumn and winter seasons are characterized by the threats of freezing rain, 
sleet, and blizzard conditions.  Severe storms—regardless of season—often damage 
electrical power transmission and distribution lines.  Luckily for Nebraska, the power 
plants have generally been spared by the worst ravages of nature.   
Occasionally, rate hikes are needed to repair damaged transmission lines after 
storms, and electric power can be out for several days—or even weeks.  Perhaps the 
strategic placement of wind turbines across the electric power grid system could at least 
reduce the length of some of these power outages to remote areas—if not eliminate some 
of them altogether.  This could obviously benefit rural areas. 
Natural hazards—whether local or far away—have influence over price 
fluctuations in energy markets.  An over-dependence on a particular source fuel 
compromises price stability when an environmental hazard reduces its availability; 
meanwhile, an over-dependence on a given power plant compromises power grid 
stability—should that plant suffer a catastrophic setback.  While power plants and power 
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grid infrastructure are clearly vulnerable to natural hazards, their greatest future 
vulnerability may well come from human-based threats, such as terrorism or warfare. 
Power grids are easy prey during military conflicts.  Recalling the geopolitical 
concerns previously mentioned in this paper, it is probable that our major electric power 
plants will be targeted in the event of major international conflicts—as electricity is vital 
to our nation.  Whatever the case may be, or whoever the enemies may be, human threats 
to electric power infrastructure must be given serious and proper consideration. 
 
Power Transmission Issues:  
Widespread power blackouts could easily result within the current structure of our 
power grid system.  An advisable plan of action would include diversifying the electrical 
generation fuel mix and distributing power generation units across a broad geographical 
area, while at the same time maintaining a viable power grid interconnection.  The 
electric power grid is currently functional; yet, there is room for improvement.  The 
addition of strategically located high-voltage power transmission lines is necessary to 
integrate distributed power systems (such as wind and solar) into the existing power grid 
to stabilize it for our future electrical needs. 
As it is, Nebraska lacks adequate high-voltage transmission capability as it applies 
to wind power electrical generation.  Paul Hammel (2008), writing for the Omaha World-
Herald, addresses this transmission problem.  The ideal areas for wind production within 
Nebraska are in the north-central and western portions of the state; whereas Lincoln and 
Omaha—the major population centers—are in the east-central and southeast parts of the 
state.  Thereby, more transmission lines and greater transmission capacities are needed 
before wind can become a more viable option; and constructing transmission lines is a 
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very expensive endeavor.  Other problems include:  low winds during peak summer 
power demand, lack of or inadequate public power subsidies for wind (as compared to 
private utilities / developers), and recent blade fractures and wind turbine maintenance 
issues at the Ainsworth wind facility.  Despite these difficulties, wind promises to 
become more competitive as an electrical power generation source within Nebraska. 
 
Summation of the Problem:   
While the initial capital cost of wind power is high, and additional transmission is 
needed, it must be remembered that wind is a “free” fuel in terms of cost.  There is a 
price to the nuclear and fossil fuels—and that price is rising.  Whether the price for non-
renewable fuels is economic or environmental in nature, it needs to be accounted for.  
Too often, both the positive and negative externalities of the various energy systems are 
ignored or unaccounted for—simply because they are often difficult to quantify. 
Shall we retain a dicey dependency on non-renewable fuels—particularly on those 
that are imported from foreign nations?  Are we unwilling to recognize the increasing 
geopolitical and environmental threats that are ever-emerging in our modern world?  And 
yet, are we foolish enough to believe that our entire power infrastructure can be 
converted over to renewable energy with little effort—and that we can do it within a short 
period of time?  All actions have consequences, we cannot pretend otherwise.  I believe 
that the volatile price fluctuations in the energy markets are accurate reflections of supply 
and demand as we rapidly deplete various resources; but, at the same time, a certain 
degree of it must be attributed to sheer greed by a few—and basic ignorance by many. 
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Research Rationale: 
 
 
Although Nebraska produces minor amounts of petroleum, natural gas, and 
uranium, additional quantities of these fuels need to be imported into the state and into 
the local study area to supplement our current consumption patterns.  This reliance on the 
importation of fuels for the purposes of electrical generation creates a dependence on 
areas far away; the local economy loses development potential and monetary value to 
those distant areas.  Rural residents could develop a new power system to meet their 
economic, environmental, and power reliability needs—with the benefits accruing to the 
local population.  For this to occur, the local natural energy endowments and resources of 
the study area need to be much more fully understood. 
Current environmental problems and the likely future scarcity of non-renewable 
fuel supplies indicate that a necessary overhaul of the current electric power processes 
and infrastructure must occur.  Fortunately, we are gaining knowledge, expertise, and 
practical work experience with the slow, but steady, phase-in of renewable fuel supplies 
for the generation of electricity.  Although the progress is slow, the transition will likely 
increase in momentum as the prices of non-renewable fuels rise and the prices of 
renewable fuels fall.  Economics, environmental factors, and power grid security indicate 
the need for a transition from non-renewable fuel sources to renewable fuel sources. 
 
Wind Energy’s Economic Competitiveness: 
The costs of generating electricity from renewable fuels—particularly wind 
energy—are declining and are coming in-line with the more traditional methods of 
generating electricity from coal, petroleum distillate fuels, natural gas, and nuclear fuels.  
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Solomon and Heiman (2001, 466) refer to the fact that the price of delivered wind-
derived electricity had “declined more than tenfold” in the decade prior to the writing of 
their article.  Kamil Kaygusuz (2004, 101) declares that the cost of generating electricity 
from the wind is already competitive with generating it from nuclear and coal across a 
significant part of Europe.  Neal Lineback (2006, 18) writes, “New wind turbine 
technology lowered the average cost of wind power from more than 80 cents per kilowatt 
hour almost 25 years ago to 4 to 5 cents per kilowatt hour in 2004.” 
Martin Pasqualetti (2000, 382) praises the attributes of wind power as he states, 
“Wind generators can be installed and removed quickly; they are well suited to isolated, 
off-grid locations; and the cost of the electricity they produce is now comparable with 
that from conventional sources.  In short, wind power is too good to ignore.”  In another 
article, Pasqualetti (2004, 29) states that landowners—typically farmers and ranchers—
can receive $2000 in rent each year for their land if a power company decides to erect a 
wind turbine on their property; some projects yield $4000 to $5000 per wind turbine.   
Steve Jordon (2006), writing for the Omaha World-Herald, reports that 
landowners in Iowa are receiving up to $4000 per turbine per year in land easement 
payments.  That is a significant financial incentive!  Windustry, a Minnesota-based 
organization that promotes the environmentally sustainable development of community-
owned wind power projects, has published information for landowners on how much 
money they can earn in land lease payments for having wind turbines on their property.  
This valuable information is available to landowners in the helpful publication entitled 
“Compensation Packages for Wind Energy Land Agreements” (Windustry). 
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Wind Energy’s Environmental Advantage: 
Besides the encouraging economics, wind is much more environmentally friendly 
than many other energy fuels.  Studies indicate that systems utilizing renewable fuels are 
less detrimental to the environment.  Tester et al. (2005, 636) clearly state, “On a 
complete lifetime basis, a wind power station is responsible for about 2% as much CO2 
release as a comparable coal-fired unit.”  Recall also (as discussed above in “The 
Problem” section) that operating wind farms do not produce radioactive waste; they do 
not require water for heat transfer or thermal cooling of major power plant components; 
and they do not release carbon dioxide, nitric oxides, sulfuric oxides, or Volatile Organic 
Compounds (VOCs).  In general, wind is rather environmentally friendly. 
 
Power Grid Stabilization:   
The long distances between electric power generation units and the end-user 
customers often leaves the electric power transmission grid vulnerable to natural and 
human hazards.  Nebraska’s susceptibility to damaging ice storms is well-known; these 
occasional storms often coat high-voltage wires and snap them like toothpicks, while ice- 
coated steel lattice tower structures twist and collapse under the immense weight of the 
ice.  Isolated small towns and rural residents have occasionally been without electric 
power for weeks on end in the frigid Nebraska winter. 
Potential threats of terrorism or warfare should not be lightly considered.  Large 
electric power generation units would likely be targeted during severe conflicts.  Taking a 
few major power plants out of our electric power grid system would leave us prone to 
brownouts or rolling blackouts. 
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Strategically sited wind turbines could be placed in key areas throughout the 
electric power grid system.  Modern wind turbines are designed with high-tech power 
correction and stabilization electronics.  At a minimum, wind turbines could supply 
occasional back-up power during extended power outages. 
 
Wind Energy in Nebraska: 
There is precedence for wind development in Nebraska.  In pioneer days, 
windmills pumped life-giving groundwater to the surface to sustain thirsty livestock.  
Eventually, windchargers were used by some farmers and ranchers to generate small 
amounts of electricity for households and farmsteads.  Much more recently, commercial-
scale wind turbines were erected to generate greater amounts of electricity.   
The Nebraska Public Power District and other utilities began to investigate 
Nebraska’s wind resources, and they settled on the rural community of Springview for 
the location of the state’s first two commercial-scale wind turbines.  These had a 
nameplate capacity of 750 kW each; operation began in October 1998, and ceased in 
August 2007 (NEO 2008a).  Due to mechanical issues and blade fractures these were 
recently removed and sold for parts; however, they will likely be replaced by “direct-
drive” style turbines from a European manufacturer seeking to gain a foothold in the 
United States wind industry (NPPD 2009). 
Lincoln Electric System then sited two 660 kW wind turbines north of the city of 
Lincoln.  Although they sit atop a hill, the site is known as the Salt Valley project.  Salt 
Valley One began electrical power production in December, 1998; Salt Valley Two came 
online in October, 1999 (NEO 2008a).  Both turbines continue to operate; and all who 
travel along Interstate 80 near Lincoln may note their presence. 
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Omaha Public Power District cooperated with Valmont Industries in placing a 
660 kW wind turbine near Valley; it came online in December 2001 and continues to 
operate (NEO 2008a).  This turbine sits within the Platte and Elkhorn river floodplains.  
The strong northwest winds of frigid Nebraska winters flow between the bluffs that 
straddle the sides of the floodplains; this develops a “wind tunnel” effect which enhances 
the winds to some degree.  However, trees and buildings may be causing some unwanted 
turbulence in the air flow.   
The Municipal Energy Agency of Nebraska set up its wind farm near Kimball.  
The farm contains seven 1.5 MW Vestas (old NEG-Micon: NM-72 model) wind turbines.  
Operation began in October 2002.  At the time, each turbine cost about $2 million; this 
was paid with cash on hand by the utility, which expects a payoff time of about 12 to 15 
years (interview with Ron Haase on July 1, 2008). 
Nebraska Public Power District and other electric power utilities cooperated in the 
creation of a wind farm located about seven miles south of Ainsworth.  The Ainsworth 
Wind Farm boasts 36 Vestas (V-82 model, or old NEG-Micon: NM-82 model) wind 
turbines—each with a nameplate capacity of 1.650 MWs.  Commercial electrical 
generation began in October 2005, and the wind farm continues to produce a significant 
amount of electricity (NEO 2008a); the capacity factor is to date the best in the state at 
approximately 40%.  The capacity factor is “actual” electricity generated, divided by the 
amount of electricity that “could” be generated by the wind turbine if it continuously 
operated, multiplied by 100 (to put it into percentage terms).  Obviously, a wind turbine 
cannot operate all of the time because the wind does not blow in a continuous and steady 
manner.  
19 
 
The Rural Electric Nebraskan magazine articles, “NPPD to buy power from 
Elkhorn Ridge Wind project” (May 2008a), and “NPPD agrees to purchase power from 
second wind project” (June 2008), feature descriptions of two projects in development in 
northeast Nebraska.  Midwest Wind Energy, LLC (and its affiliate Elkhorn Ridge Wind, 
LLC) will produce up to 80 MWs of electricity when built and operated at full capacity 
near Bloomfield; this will become the state’s largest wind farm.  Community Wind 
Energy Transmission, LLC will manage and operate the 42 MW Crofton Hills Wind 
Farm, which should become operational near Crofton in 2009.  Ten permanent operations 
and maintenance jobs and 150 temporary construction jobs will be created by these 
projects.  Knox County’s local governments expect to gain $8.9 million in property taxes 
from the wind farms’ owners over the next five years; and $625,000 in land lease 
payments and other revenues will be paid annually to local landowners participating in 
the projects. 
 
The Need for Proper Site Selection: 
Proper site selection for wind turbine placement is very important.  On occasion, 
flying birds and bats are injured or killed by the rapidly moving wind turbine blades; 
concurrently, nesting birds and other wildlife tend to relocate away from newly built 
wind farms (National Wind Watch).  The electric generators produce some mechanical 
noise, the wind produces a “whoosh”-type sound as blades pass by the tower structure, 
and a small degree of aerodynamic noise is created as the wind passes around the blades’ 
edges and tips (Gipe 2004, 269-302).  Additionally, the moving blades create a situation 
called light-flicker or shadow-flicker, which is the reflection or blocking of the Sun’s 
light rays; this can be very disturbing to people and animals.  Standard practice has been 
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to site wind turbines at least ¼ mile from homes and residential areas.  However, as 
commercial-scale wind turbines are growing ever-larger, the areas affected by acoustical 
noise, shadow-flicker, and low-frequency vibration are also expanding.   
Complaints of dizziness, headaches, sleep deprivation, nausea, unsteadiness, 
inability to concentrate, and other conditions by some residents living near large-scale 
wind turbines or wind farms are prompting some doctors and researchers to recommend 
setback distances of up to 1½ miles (2 kilometers) from homes and schools (Frey and 
Hadden 2007).  Similar problems have been recorded from other situations involving 
pulsating light, low-frequency noise or acoustical sound, and vibrations from certain job 
occupations or other exposures to these phenomena; thereby, there is justification for a 
further examination of the residents’ claims.  This indicates that caution needs to be taken 
in wind turbine site selection for the sake of human health.       
Windbreaks, buildings, and other obstacles create a zone of air turbulence; 
considering this, the Iowa Energy Center’s Wind Energy Manual recommends that wind 
turbines be located 20 times the horizontal distance away from the vertical height of the 
nearest obstacles (IEC 2006).  Wind shadows, or reduced wind speed, caused by other 
wind turbines upwind dictate that a minimal spacing of ten blade lengths between 
turbines is necessary; a greater distance may be preferable.  Christiansen and Hasager 
(2005, 266) have studied offshore “wind wakes” using synthetic aperture radar (SAR) 
from satellites; they have noted that wind turbine arrays can reduce wind speeds about 
8% directly downwind of the array; this reduces to about 2% several miles downwind of 
the array.  Indeed, micro-siting of wind turbines is a discipline in need of further study; 
every site must be carefully considered. 
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Local information and maps of wind energy potential are scarce or lacking in 
detail.  Shikha, Bhatti, and Kothari (2003, 88-90) note the general lack of expertise in 
local wind turbine site selection; they also note the complexities of changing wind speed 
and direction due to various factors.  Feder (2004, 186) declares, “Different places have 
different renewable resources, energy demands, production processes, and consumption 
patterns.”  Wind power tends to favor the geographical assets of rural areas.  Therefore, 
local-level research within rural areas is definitely needed here in the United States; the 
future transition from non-renewable energy fuels to renewable fuels will not be smooth 
and comfortable without this vital research. 
 
Summation of the Rationale: 
In consideration of the study area, which will be discussed later in this paper, fuel 
mix diversification is possible; dependence on outside sources of fuel can be reduced, 
thereby keeping money in the local area; the market potential is in place; critical power 
lines and substations are undergoing upgrades; transmission lines are near a strong 
electric power demand area; and the environmental issues can be addressed.  In regard to 
all of this, it will be beneficial to study, understand, and comprehend the local wind 
characteristics and the local economic feasibility of siting wind turbines within this area. 
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Literature Review: 
 
 
A Brief History of Wind Energy: 
Wind energy conversion systems are among the emerging renewable energy 
technologies; yet, they have a proud—if somewhat rudimentary—historical precedence.  
The wind has long played a significant role in the maturation and development of human 
civilization throughout history.  The Iowa Energy Center (IEC) details some of the most 
significant events in the history of wind energy conversion systems.   
Egyptian boats used sails to travel short distances between shores 5000 years ago.  
Around about 2000 B.C., the Babylonians attached vanes to the axis of a machine to 
produce a circular motion—this was likely the first windmill.  In the area of current day 
Afghanistan and eastern Iran, windmills were grinding grain by the 10th century A.D.  
Later on, Europeans also used windmills to grind grain; eventually, they modified them 
to pump water—in attempts to reclaim land from the sea.  By the late 19th century, the 
multi-vane windmill was invented in the United States to pump groundwater; this assisted 
in the settlement of the West and Midwest by providing water for humans, livestock, and 
railroads.  Also in the United States, small wind turbines that generated electricity were 
built by the hundreds of thousands in the 1930’s and 1940’s; but these faded away in the 
1950’s as the Rural Electrification Administration began providing electricity to rural 
areas that was both reliable and inexpensive (IEC 2006). 
During the 1970’s energy crisis, high energy prices forced the civilized world to 
take a fresh look at wind energy.  Stabilization of energy prices in the 1980’s weakened 
wind energy’s position, again.  In the current day, wind energy systems are in incredibly 
high demand.  As we study the history of wind energy, we begin to sense that the use of 
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wind power has been highly variable throughout time.  This notable boom-bust cycle 
occurs largely due to geopolitics, economics, and technological advances. 
 
Energy Systems, Geopolitics, and Wind’s Boom-Bust Cycle:  
The supremacy of nations and civilizations can be traced in part to the efficiency 
of the energy systems available to them.  This was an intriguing topic discussed at the 
London Conference on energy, as described by George Otis Smith, a former director of 
the United States Geological Survey.  This conference addressed the energy resources of 
given nations—country by country.  It noted the former dominance of the Dutch, who 
superbly harnessed the wind’s power for sailing and grinding grain; this saved them 
valuable time and effort, thus giving them a significant economic advantage.  However, 
Dutch wind power eventually gave way to steam engines powered by British coal.  
These, in turn, eventually bowed out to powerful internal combustion engines fueled by 
American petroleum.  This prompted Professor Van Iterson to eloquently state, “Wind 
power can seldom compete with power obtained from heat” (Smith 1925, 134-135). 
And to think, the delegates to the London Conference had yet to witness the 
impacts of natural gas and nuclear power!  Obviously, wind power fell into disfavor, as 
steam and internal combustion engines produced a better economic advantage—giving 
them prominence.  None-the-less, wind energy conversion systems have prominently 
affected the history of human civilization—and will continue to do so. 
Due to various reasons—such as non-renewable fuel depletion, rising electricity 
prices, environmental concerns, geopolitics, and technological progress—wind power is 
now beginning to regain its competitiveness.  We are once again approaching a long and 
steady “boom” part of the wind power cycle. 
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Wind Energy Basics: 
 Wind energy derives from the unequal distribution of solar energy upon the Earth.  
The spatial and temporal differences in solar energy absorption by the Earth’s surface and 
atmosphere create temperature and pressure differences in surrounding air parcels 
(Christopherson 2007, 37, 46-50).  Kinetic energy results, as air parcels move about in an 
attempt to equalize temperature and air pressure within the atmosphere.  The amount of 
kinetic energy depends on the strength of the pressure gradients created; the stronger the 
opposing pressure systems, and the closer they are, the greater the kinetic energy.   
Complicated topography creates complicated wind flow patterns, thus there is 
difficulty in developing circulation models for localized areas.  Surface friction also has 
an influence on wind flow patterns and wind speed.  Generally speaking, if reliable 
meteorological measurements are needed, such as for wind speeds, they need to be 
recorded on site.   
The movement of air parcels or air masses is essentially kinetic energy, or mass in 
motion.  Moving air exerts forces on objects in its path.  As we know, wind turbines can 
harness some of this energy.  Gipe (2004, 30) gives us the equation relevant to wind 
energy: 
P = ½ ρ A V3,   
 
where:  P = Power in the wind, 
   ρ = density (of the air mass), 
   A = area (the wind passes through), 
   V = velocity (or speed) of the wind. 
 
 Power available in the wind is equal to half of the density of the given air mass 
multiplied by the given area that the wind mass passes through multiplied by the cube of 
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the velocity of the given air mass.  Not all of the power in the wind can be harvested; the 
Betz Limit of 16/27, or approximately 59%, indicates the theoretical maximum amount of 
energy that can be derived from the wind (Gipe 2004, 56; Taylor 2004, 262; Christiansen 
and Hasager 2005, 253).  Other equations relevant to atmospheric dynamics will be 
discussed later in the Methodology section.  For now, it is basic enough to understand 
that air has mass and density, and that air in motion is a form of kinetic energy. 
 
Wind Turbine Technology Basics: 
 How do wind turbines capture this energy?  Two forces are in play (Taylor 2004, 
256-258).  “Drag” occurs when the kinetic energy of the wind physically pushes on an 
object, such as a windmill blade—similar to how water pushes on a hydroelectric turbine 
blade.  “Lift” occurs when the kinetic energy is split by an object, which forces air into 
two separate wind streams around or across the impeding object—similar to the wings of 
an airplane.   
An airplane wing is typically asymmetrical with one relatively flat side and one 
side with a certain degree of curvature.  The air stream over the curved side must flow 
faster (to cover a longer distance) than the air stream under the flatter side of the wing.  
The faster moving air stream cannot exert the same amount of force on the wing as the 
slower air stream.  Thereby, the pressure difference allows the airplane to “lift” as the 
propellers or jet engines force air streams across the wings.   
Wind turbine blades operate in the same manner, utilizing the “lift” forces to 
change the initial position of the blades.  Unlike airplane wings—which stay in a fixed 
position relative to the airplane’s core—wind turbine blades rotate about a central shaft, 
or rotor.  This rotational motion dictates that the blade tips move much faster than the 
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inner portions of the blades near to the rotor.  Optimal wind turbine performance requires 
that a certain amount of “twist” and “taper” be designed into the blades for optimal 
efficiency (Taylor 2004, 258-265).  Although “drag”-style wind turbines exist, they can 
at best harvest 4/27, or about 15%, of the power available in the wind.  Thereby, most 
modern wind turbines operate according to the concept of “lift” forces, which can 
produce “50 times more power per unit of blade area” (Gipe 2004, 93-94).   
 Milborrow (2002, 25-26), Shikha, Bhatti, and Kothari (2003, 83-86), and Taylor 
(2004, 249-256) thoroughly discuss other aspects of wind turbine technology that are 
important, such as:  airfoils, blade material, the optimum number of blades, blade profile 
and turbine size, rotor diameter, rotor orientation, yaw control, tower height, generator 
types, power train, power control, and rotational speed.  Taylor (2004, 265-278) further 
elaborates on the theories and concepts related to harvesting wind energy—particularly 
from a European perspective, where the wind industry has deeper roots. 
 The completely revised and expanded edition of Paul Gipe’s book, Wind Power:  
Renewable Energy for Home, Farm, and Business (2004), is the foundational work upon 
which this thesis rests.  His book contains and explains the essential equations for:  power 
in the wind, swept area, vertical air density and pressure changes, and extrapolations for 
wind speed changes with height.  His book also discusses wind speed bins, methods for 
estimating output, expected efficiencies, and the basic economics of wind turbines—
giving me an idea of the potential financial profitability or risks of installing wind 
turbines.  This vital information assisted me in setting up a spreadsheet to calculate and 
estimate the expected electric power output of wind turbines within the study area.   
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Wind Industry Growth: 
Wind power is steadily progressing in popularity, technological feasibility, and 
economic attractiveness as an alternative energy source.  Wind industry related 
manufacturing is creating new employment opportunities around the world.  The Global 
Wind Energy Council (GWEC) tracks and updates the worldwide trends in the wind 
industry—including installed and cumulative capacity statistics for various countries, 
market trends, economic issues, and expectations. 
Traditionally, it has been the Europeans leading the way in modern wind power 
development—most notably the Danes and the Germans.  The different wind turbine 
development strategies of Denmark, Germany, and the United States are detailed by 
Matthias Heymann (1998, 654-661).  The success of the Danes came from a slow, steady, 
practical development; thus they became the leaders in modern wind turbine design and 
manufacturing. 
Europe has integrated a lot of wind power into its electrical grid system in a 
successful manner.  Accordingly, several of the premier wind turbine manufacturers, 
major international wind power developers, and large renewable energy firms have 
emerged from a European heritage.  Their technologies, prowess, and efficiencies are 
beginning to take hold worldwide.  Thereby, the United States, India, and China are 
rapidly becoming major players in the wind industry; and they are dramatically 
increasing both their annual and cumulative installed wind power capacities (GWEC 
2009).  The insatiable demand for renewable energy is creating an international exchange 
of products, technologies, ideas, and investments.  Yet, an informed knowledge of the 
local wind resource is needed for a wind farm to be both practical and profitable. 
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More specific to the wind industry in the United States is information from the 
American Wind Energy Association (AWEA).  AWEA (2008a) issues an annual report 
that gives a relatively brief, orderly, and systematic summary of the wind industry’s 
progress made during the past year.  Statistics are available for individual states; and a 
good amount of information is relayed about particular wind farms.  Thousands of jobs 
have been created at new manufacturing facilities that were built in the United States in 
recent years (AWEA 2008b).  Indeed, this is good news for the United States’ economy. 
The Annual Report on U.S. Wind Power Installation, Cost, and Performance 
Trends: 2007 authored primarily by Ryan Wiser and Mark Bolinger of Lawrence 
Berkeley National Laboratory for the Office of Energy Efficiency and Renewable Energy 
(EERE) of the U.S. Department of Energy summarizes the achievements of the wind 
industry for year 2007.  Capacity growth, data from interconnection queues, market 
shares, finance structures, price and cost data, project performance, wind integration into 
the electrical grid, and policy efforts are among the items discussed within this annual 
report (US DOE EERE 2008).  This information assists in understanding the expected 
costs associated with wind farm development within the region; the “Heartland” region 
offers lower costs relative to most other regions of the United States. 
Hirsh and Serchuk (1996, 282, 288-289) discuss some of the early initial limits to 
wind industry growth.  In the 1930’s, some regulators blocked the creation of proposed 
cooperatives which were supported by the Rural Electrification Administration (REA); 
the utilities already in control wanted to grab up the best rural customers for themselves.  
Change came with the Public Utility Regulatory Policies Act (PURPA) of 1978, which 
was passed in response to the 1970’s energy crisis; this act sought to capitalize on the 
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efficiencies of cogeneration—which generates electricity while utilizing the “waste heat” 
for industrial processes.  Inadvertently, PURPA began the process of electric power 
utility deregulation through creating “qualifying facilities”.  Certain entities could set up 
cogeneration facilities and sell some of the excess electricity to electric utilities.  The 
stranglehold of the regulators and powerful utilities was loosened; and they were 
unsuccessful at getting the courts to overturn PURPA.  The state of California interpreted 
PURPA liberally, and in so doing began to open up greater opportunities for wind power. 
 
Wind Energy Information for Nebraska: 
 Information and statistics on energy usage, trends, and prices for the state of 
Nebraska is gathered by the Nebraska Energy Office.  An abundance of facts and figures 
is available on each type of energy source utilized here in Nebraska—including vital 
information on wind energy.  The electric power production yielded by Nebraska’s wind 
turbines is found here; and this gives one an accurate idea of how much energy can be 
found in the wind in particular locations of the state (NEO 2008a).   
AWS TrueWind, an organization specializing in meteorological modeling and 
wind energy mapping, has produced a wind power density map and wind speed maps for 
the state of Nebraska at the request of the Nebraska Energy Office (NEO 2008b); these 
maps can be viewed by the general public at the Nebraska Energy Office’s website.  The 
AWS TrueWind website now has wind maps available in an interactive form, along with 
explanations of its methodologies regarding map production (AWS TrueWind 2009). 
Important wind data from the Columbus Municipal Airport, as reported to the 
United States National Oceanic and Atmospheric Administration (NOAA) National 
Climatic Data Center (NCDC), are utilized within the calculations for this thesis.  Hourly 
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data were downloaded for the years 2005 and 2006.  The NCDC database is very 
extensive, with climatic data from across the United States (US NOAA NCDC 2006). 
 Electric power demand data were obtained for the Cornhusker Public Power 
District coverage area, as well as the Loup Power District coverage area.  These entities 
are customers of Nebraska Public Power District, which assisted in obtaining these 
hourly electric power demand records.  
 
Site Selection Issues: 
 The state of Iowa is fairly progressive in its study and implementation of wind 
power.  The Wind Energy Manual produced by the Iowa Energy Center (IEC 2006), 
which is administrated by Iowa State University, provides a historical, technological, and 
environmental overview of wind energy.  Wind turbine site selection information is 
briefly overviewed here, and this is beneficial to those interested in the potential 
development of wind energy at a given location.  Legal, economic, and social issues are 
also explored. 
 Windustry, a Minnesota-based organization that promotes the environmentally 
sustainable development of community-owned wind power projects, provides useful 
information to landowners.  Landowners or investors that have been approached by wind 
development companies should take the following articles into careful consideration.  
“Wind Energy Easement and Lease Agreement Guidelines” details easement and leasing 
practices, landowner and developer rights, property access issues, insurance issues, and 
other legal issues related to the operation, maintenance, and ownership of wind turbines.  
“Best Practices and Policy Recommendations for Wind Energy Land Agreements” seeks 
to protect the rights of landowners, ensure proper site selection procedures for wind 
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turbines, and make wind energy information more publicly available for better economic 
advantage (Windustry). 
 National Wind Watch, an organization dedicated to the dissemination of critical 
information related to issues surrounding wind farms and wind farm development, has 
posted multiple news articles from around the world on the internet.  This organization is 
vigilant in posting articles in a very timely fashion; indeed, information from around the 
world on the most recent developments is readily available to anyone interested in any 
range of issues surrounding wind farms that are proposed, under construction, or already 
existing.  This organization does not shy away from the controversial issues; rather, it has 
sections of its website dedicated to health and safety concerns, as well as environmental 
issues.  Newspaper articles from around the world make up the bulk of the website, but a 
few academic-style articles, short video clips, and longer documentary-style videos are 
also available for public viewing (National Wind Watch). 
 
Relevance of the Literature: 
This initial general frame of reference gives one the broad background necessary 
to more fully appreciate and comprehend the intricacies of wind industry issues, wind 
power extrapolation equations, and wind turbine site selection procedures.  Ultimately, 
even though the international business of wind energy is booming, a lack of background 
knowledge and the misunderstanding of proper wind turbine site selection can cause 
serious problems—whether for the wind facilities themselves, or for the people and 
wildlife living next to the wind facilities.  Also, it is highly imperative to fully understand 
the local wind resource for the economics of a wind turbine or a wind farm to be both 
beneficial and profitable. 
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Research Question: 
 
 
Is wind power both economically and environmentally feasible within the service 
areas of Cornhusker Public Power District and Loup Power District? 
 
 What are the current natural energy endowments within the service areas of 
Cornhusker Public Power District and Loup Power District?   
 
 What are the current infrastructure and processes in place as they relate to this 
area’s use of energy, particularly as they relate to electric power generation?   
 
 How much of the local electric power demand can wind turbines logically 
supply; and at what cost can this electric power be produced at? 
 
 
Research Hypothesis: 
 
 
Wind power is both economically and environmentally feasible within the study 
area—and it can provide economic benefits to this area by reducing the importation of 
electric power into this area. 
  
 Wind turbines can be constructed and operated within the study area; and the 
electric power generated can be utilized locally or sold over the grid to other 
places. 
  
 Wind turbines can generate at least 10% of the electric power currently 
demanded in the study area; and the cost of electric power generation from 
these wind turbines will not exceed $0.07 per kilowatt/hour. 
 
 A local map can be developed to indicate which sites in the study area are 
practical for the potential location of future commercial-scale wind turbines.   
 
 
Research Objective: 
 
 
The primary objective is to determine the economic and environmental feasibility 
of developing wind power within the study area.  The secondary objective is to map the 
general area most suitable for wind power development. 
 
 To compare local wind characteristics to local electric power demand. 
 
 To validate or invalidate all subcomponents of the research hypothesis. 
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The Study Area: 
 
 
The study area of this thesis project is the service areas of Cornhusker Public 
Power District and Loup Power District which lie in east-central Nebraska.  These two 
public power district service areas generally overlap—with Cornhusker serving the farms 
and ranches, and Loup serving the towns, although there are some minor exceptions to 
this rule.  This is a predominantly rural area with farms, ranches, and small towns—
excepting the city of Columbus, which is a regional manufacturing and commercial 
center near the confluence of the Loup and Platte rivers.  Columbus has a population of 
nearly 21,400 people (U.S. Census Bureau 2009).  I expect Columbus to grow due to its 
diversified industrial base and its citizens’ desire to attract more businesses.   
Meanwhile, the rural areas are seeing a slight population decline.  This is due to 
farms increasing in acreage, but decreasing in actual numbers.  Rural farmers, ranchers, 
and landholders are also having fewer children.  A few decades ago, families with ten or 
more children were not uncommon; now, it is more common to see four or five children 
per family in this area.  Some children remain to take over the family farm or ranch, work 
for another farmer or rancher, or work in the local hometown.  However, upon graduation 
from high school, many move to cities outside of the study area for college and work 
opportunities. 
None-the-less, the local communities remain tight-knit; and their spirit and 
survival often relies on maintaining the hometown school systems and patronizing the 
local businesses.  Obviously, these small towns tend to be agriculturally-based; and this 
area is blessed by a physical landscape that provides an abundance of crops and animal 
livestock.  The following map portrays the study area’s physical layout (Fig. 2). 
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The Physical Landscape:   
The study area exhibits a variety of features.  The physical landscape consists of 
moderately sloping hills in Colfax, Platte, eastern Boone, and northeastern Nance 
counties.  The north-central part of Platte County consists of relatively flat high plains, 
particularly around the small towns of Cornlea, Humphrey, and Tarnov.  The town of 
Albion in Boone County calls itself “the Gateway to the Sandhills”—for as one drives 
west on Highway 91 towards Spalding, the marked transition from hills and valleys of 
clay soils gives way to hills and valleys of endless sand.  Wheeler, Greeley, western 
Boone, and northwestern Nance counties contain grassy ranchland, as opposed to the 
fertile farmland further east.   
The southern portions of Colfax, Platte, and Nance counties lie in the broad low-
lying Loup River and Platte River floodplains.  Shell Creek originates near Petersburg; it 
flows southeast to Newman Grove, passes by Lindsay and Platte Center, and then joins 
the Platte River just to the east of Schuyler.  Beaver Creek begins in north-central 
Wheeler County and flows by Albion and St. Edward; it then joins the Loup River near 
Genoa.  The Cedar River originates far northwest of Spalding; it flows down past 
Primrose, Cedar Rapids, Belgrade, and Fullerton before flowing into the Loup River.   
These low-lying valleys are more guarded from the seasonal winds than the 
surrounding high plains, hills, and ridges.  The local highways and railways have a 
tendency to follow these low, flat river and creek valleys.  After all, this is where the 
pioneers tended to settle—near water.  This is evident when one examines where the 
town sites lie in relation to the area’s physical landscape.  The highest elevations—and 
strongest winds—are in the northwestern portion of the study area (Fig. 3). 
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The Agricultural Landscape:    
Agriculturally, the study area is very productive.  Sandy soils between the rivers 
offer grassland for grazing cattle, good conditions for potato growing, and fields worthy 
of growing corn, vegetables, and other crops.  The floodplain between the Loup River 
and Loup Canal yields large corn and soybean crops.  The clay hills and raised plains 
yield corn, soybeans, alfalfa, and other suitable crops in great abundance. 
The cattle and hog industries are also prominent within this area.  This all gives 
rise to an agro-processing industry within east-central Nebraska that increases the 
demand for electricity.  Whether the demand is for center pivot or gravity-flow irrigation 
systems, farmers’ grain cooperatives, ethanol plants, or meat processing facilities, it is 
obvious that the need and desire for electricity is rapidly growing in this region. 
 
The Loup Power Canal: 
 The Loup Power Canal originates from the Loup River within central Nance 
County, breaks off to the north, and flows into southwestern Platte County.  The canal 
generally is situated a few miles north of the Loup River and roughly parallels the river’s 
course; it powers the Monroe hydroelectric facility, fills Lake Babcock and Lake North, 
and then powers the Columbus hydroelectric facility.  Finally, the water crosses the 
tailrace and enters the Platte River, which flows across the southeastern corner of Platte 
County.  Additionally, the canal provides irrigation water to local farmers near its course.  
The Loup Power Canal, and its associated powerhouses, greatly influences the layout of 
the power grid infrastructure in this general region; this naturally affects the variables 
intertwined with the process for siting wind turbines in this area. 
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The Local Electrical Infrastructure: 
 
The city of Columbus has been very assertive in luring various industries into the 
area.  Factors that attract these industries are:  abundant water, a reliable labor force, and 
low cost electricity.  The local area has all of these elements.  Columbus’s population is 
nearly 21,000—and there are several thousands more within driving distance.  The Loup 
and Platte rivers ensure a bountiful water supply for the industrial sector.  The “run-of-
the-river” hydroelectric power plant near Monroe serves the local rural area, while the 
“gravity flow” hydroelectric power plant near Columbus feeds the city and local industry. 
However, this region has been so successful at luring industry that the two local 
hydroelectric power generation facilities cannot come close to meeting the total electrical 
demand within the study area.  Therefore, electricity must be imported into the area via 
several high voltage power transmission lines.  Eight of these high voltage lines currently 
converge at Kelly substation and the nearby Columbus hydroelectric generation facility. 
Due to the study area’s increase in electric power demand, upgrades to power 
infrastructure are currently underway.  This is known as the Electric Transmission 
Reliability (ETR) project, which Nebraska Public Power District is undertaking (NPPD 
2008b).  The 2007 Long-Term Reliability Assessment conducted by the North American 
Electric Reliability Corporation (NERC) details these vital power grid upgrades: 
NPPD is planning the construction of the Columbus / Norfolk / Lincoln 
345 kV transmission expansion plan to address summer peak load voltage 
issues and enhance the reliability of the eastern Nebraska regional 
transmission system. This project is identified as the Electric Transmission 
Reliability (ETR) Project for east central Nebraska. The project is targeted 
for completion by 2010 and includes the following facilities: 
 
 New 68-mile 345 kV transmission line from Columbus East to 
LES NW68th & Holdrege 
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 New 12-mile 345 kV transmission line from Columbus East to 
Shell Creek 
 345 kV Conversion of 45 miles of existing 230 kV line from Shell 
Creek to Hoskins 
 New Shell Creek 345/230 kV substation (NERC 2007)  
These upgrades are needed to stabilize the power grid in the area.  They will meet 
the increased demand for electricity needed by the growing industrial sector within the 
study area.  Also, farmers are switching their irrigation systems over to operate off of 
electricity—rather than on expensive fuels such as gasoline, propane, or diesel.   
Loup Power District (LPD) owns and operates the two hydroelectric facilities, as 
well as the Loup Power Canal.  Loup’s territory encompasses approximately 2219 square 
miles; it serves the city of Columbus, two industrial parks, and the small towns within its 
jurisdiction (LPD 2008).  Electrical generation by Loup Power District began March 5, 
1937; Loup is the predecessor of Nebraska’s public power system.  The district currently 
generates about 10% of its power.  It sells this hydropower to NPPD; it then buys this 
power back from NPPD, along with any additional electricity that is needed to meet the 
local demand.   
Cornhusker Public Power District (CPPD) serves a similar geographical area; it 
primarily serves the rural customers—mainly farmers and ranchers, with a minor amount 
of industry.  The district’s coverage area encompasses 2250 square miles (CPPD 2008).  
This district currently buys all of its power from NPPD.  Cornhusker Public Power 
District utilizes irrigation load control to balance out the electrical demands in the 
summer—thereby avoiding extreme peaks in demand.   
Nebraska Public Power District (NPPD) serves customers in 91 of Nebraska’s 93 
counties through either wholesale or retail electricity sales.  This power district 
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coordinates electrical power generation, transmission, and distribution across much of the 
state’s physical area (NPPD 2008a).  Nebraska Public Power District’s high voltage 
power transmission lines radiate out in all directions from the Columbus area.  These 
major transmission lines interconnect with the region’s electrical power grid, and they 
feed power to substations owned by Loup Power District and Cornhusker Public Power 
District.  Both of these local power districts have 34.5 kilovolt power transmission lines 
and smaller distribution lines running across the counties within their coverage areas. 
Columbus calls itself the “City of Power and Progress”.  Nebraska Public Power 
District and Loup Power District are headquartered within Columbus’s city limits; 
Cornhusker Public Power District is headquartered in the countryside just northwest of 
the city.  This is not by mere coincidence.  During the Great Depression, the city leaders 
were instrumental in securing federal government funds for completion of the Loup 
Canal Project; in turn, this gave rise to the ascension of public power within the state of 
Nebraska—a tradition that continues to this day. 
Thereby, any wind development that occurs within Nebraska will need the 
blessing of the public power districts—after all, they own the power infrastructure which 
is needed to transmit the generated power.  As public power districts have the right to 
exercise eminent domain—granted by the state—wind developers would do well to heed 
and understand the planning and proposal processes.  Public power districts are mandated 
by the state to provide low cost electricity to consumers—so if wind power cannot 
compete, it is tough luck.  The study area’s infrastructure is mapped in Figure 4. 
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Potential Wind Power Integration: 
Generally, the electric power generated by commercial-scale wind turbines is fed 
into their own dedicated underground 34.5 kilovolt lines; this power flows to the nearest 
substation and is transformed up to run on the high voltage power transmission lines 
(typically 115 kilovolt lines or higher).  As of yet, the study area has no commercial-size 
wind turbines; but transmission should not be a major hindrance to the siting of wind 
turbines within this area. 
As an important side note, it is necessary to disclose the fact that the area near the 
intersection of Antelope, Boone, and Madison counties is currently being closely 
examined for the development of a wind farm.  I believe that this process may have 
begun around about the time I initially began my research on this thesis.  Maps produced 
by AWS TrueWind, at the request of the Nebraska Energy Office, indicate the ideal wind 
speeds of this particular area; some of the best wind speeds in the state of Nebraska are at 
the edge of my study area.  On a recent trip into this area, I noted the presence of no less 
than six meteorological towers which are measuring the local wind speeds.  Development 
seems likely within the next few years, depending how things play out.  At the present 
time, this is one of two areas that Nebraska Public Power District is considering as a 
result of its most recent Request for Proposals (RFPs) issuance for wind integration into 
its system; the other area being looked into is near Broken Bow (NPPD; National Wind 
Watch). 
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Methodology: 
 
 
A key component of this thesis project is to understand the wind characteristics of 
the local study area.  The goal is to compare the local wind resource to the local electric 
power demand in an attempt to analyze the economic and environmental feasibility of 
locating wind turbines within the study area.  Wind turbines will not be profitable without 
adequate winds to power them. 
 
The International Standard Atmosphere: 
The “starting” numbers are important to the relevant equations which will follow 
below.  Without a standard base to start from, the calculations would be useless.  The 
International Standard Atmosphere gives us the “average” pressure, temperature, and air 
density at sea level.  Gipe (2004, 31) lists these three standard atmospheric values as: 
Pressure = 1013.25 mb (or hPa), 
Temperature = 15 °C (or 59 °F), 
Air density = 1.225 kg/m3. 
 
These three values are important, as they form a base from which to compare the 
atmospheric measurements that were taken at Columbus Municipal Airport.  These 
measurements will be discussed more fully in a later section of this paper.  Now, it is 
time to focus on the relevant equations utilized in the spreadsheet for calculations. 
 
The Relevant Atmospheric Equations: 
Relevant equations pertinent to power in the wind, and the extrapolation of wind 
speed, air density, and air pressure at certain heights are conducive to this study.  These 
equations are detailed and explained in Wind Power:  Renewable Energy for Home, 
Farm, and Business, by Paul Gipe (2004, 30, 32, 41). 
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First and foremost is the Wind Power Equation: 
 P = ½ ρ A V3,   
 
where:  P = Power in the wind, 
    ρ = density (of the air mass), 
    A = area (the wind passes through), 
    V = velocity (or speed) of the wind. 
 
Second, air density varies with air pressure and temperature changes: 
 
ρ = p / R T,   
 
where:  ρ = density (of the air mass), 
    p = air pressure in N/m2 or Pascal, 
    R = the gas constant (287.04 J/kgK), 
     T = temperature in Kelvin (273.15 + °C). 
 
Third, air pressure varies with elevation and temperature changes: 
 
 p = po [ ( To – Г Z ) / To ] g / R Г,  
 
where:  p = air pressure in N/m2 or Pascal, 
    po = sea level air pressure, 
    To = sea level temperature (288.15 K), 
   Z = elevation (above sea level), 
g = acceleration due to gravity (9.807 m/s2), 
R = the gas constant (287.04 J/kgK), 
Г = the normal or environmental lapse rate  
(6.5 °C / 1000 m). 
 
Fourth, wind speed increases with height above ground level: 
 
 ( V / Vo ) = ( H / Ho ) α, or rearranged as:  V = ( H / Ho ) α Vo, 
 
  where:  V = the wind velocity at the new height, 
    Vo = the wind velocity at the original height, 
    H = the new wind velocity height, 
    Ho = the original wind velocity height, 
    α = the wind shear exponent. 
For the purpose of this study, the wind shear exponent (α) will be 1/7, which is 
more generally known as the 1/7th Power Law.  In general, the 1/7th Power Law is a good 
approximation of how wind speed varies with height above the ground surface.  For a 
45 
 
more detailed description on wind extrapolation equations, and how wind shear varies 
with height above different ground cover surfaces, refer to Gipe (2004, 39-45), IEC 
(2006), Akpinar and Akpinar (2006, 6-10), and the Wind Energy Resource Atlas of the 
United States compiled for the National Renewable Energy Laboratory (NREL). 
 
Swept Area of a Wind Turbine: 
Gipe (2004, 32) also indicates the importance of swept area, as it is influenced by 
the length of the wind turbine blades: 
 A = π r2, 
  where:  A = area of a circle (swept by turbine blades), 
    π = 3.14…., 
    r = the radius of a circle (or the length of a blade). 
   
Notice that the radius is squared in the area equation.  Let’s compare a radius of 
“2” to a radius of “3”.  If we square “2” we get “4” ( 2 · 2 = 4 ); if we square “3” we get 
“9” ( 3 · 3 = 9 ).  Therefore, a relatively small increase in blade length can be effective in 
capturing a lot more wind power.  That is why the major commercial-size wind turbine 
manufacturers are gradually increasing the lengths of their blades.  Unfortunately, the 
severe stresses of intense gravitational forces and periodic damaging high wind speeds 
place specific design limitations on blade size (Shikha, Bhatti, and Kothari 2003, 82, 84).  
It takes specialized engineering to deal with these stress factors. 
 
Wind Turbine Nameplate Capacity and Power Curve: 
 The nameplate capacity of a wind turbine is the amount of kilowatts or megawatts 
that the generator is rated at.  For instance, a 2.0 megawatt rating indicates that the wind 
turbine’s generator can produce up to 2.0 megawatts of electricity—if the wind speeds 
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are at or above the “nominal” wind speed and below the “cut-out” wind speed.  A wind 
turbine will “cut-in” at a specific wind speed, but will only produce a certain percentage 
of its rated power—depending on the wind speed and the wind turbine’s power curve.  
The power curve of a wind turbine indicates how many kilowatts or megawatts it will 
produce at particular wind speeds.  A wind turbine will shut down to protect itself if wind 
speeds exceed the “cut-out” wind speed; thereby, it quits producing electric power. 
 
The Significance of Wind Speed: 
Of immense importance is the fact that velocity is cubed in the Wind Power 
Equation.  Let’s compare a wind speed of “2” to a wind speed of “3”.  If “2” is cubed we 
get “8” ( 2 · 2 · 2 = 8 ); if “3” is cubed we get “27” ( 3 · 3 · 3 = 27 ).  Thereby, a 
difference of even “1” in the initial wind speed produces dramatic effects in terms of the 
power available in the wind.  That is why micro-siting of wind turbines is vitally 
important; these small changes in wind speed in a particular locale can determine whether 
a wind farm is profitable, or whether it is a bankruptcy in the making. 
 
The Initial Wind Data: 
Wind data from the Columbus, Nebraska municipal airport that were recorded and 
reported to the National Oceanic and Atmospheric Administration (2006) were examined; 
these data were accessed from the database on their website.  These data were originally 
in ASCII format with comma delimiters.  These data were then transferred to a Microsoft 
Word document and transformed from ASCII format into tables.  These tables were 
subsequently transferred over to Microsoft Excel spreadsheets and analyzed to determine 
the wind characteristics of speed, direction, and consistency.  The analysis of these wind 
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characteristics assisted me in determining the likelihood of whether or not wind turbines 
in this area could be economical and cost effective on a diurnal, seasonal, and annual 
basis. 
 
Sifting Through the Wind Data:   
Formulas were set up in the Excel spreadsheet to sift through the hourly records 
of meteorological data for the 2005 and 2006 calendar years.  In general, the records were 
recorded at 55 minutes past the top of every hour.  A record at “55” is for the hour of 
12:00 a.m. to 1:00 a.m.; a record at “155” is for the hour of 1:00 a.m. to 2:00 a.m.; and so 
forth.  Unfortunately, some of the records were “off time.”  For instance, times of 5, 15, 
25, 35, and 45 occur within the records—rather than the proper time of 55 minutes past 
the top of the hour. 
The Excel spreadsheet formulas thereby “skip over” these particular records; the 
“off time” records simply could not be read with the formula format I used.  Additionally, 
some records were unrecorded or missing; and some of the hours contained more than 
one record.  These problems created a somewhat irregular spreadsheet to work with; so it 
took some time to find formulas that would properly obtain the information I was looking 
for.  As a consequence, the charts for average daily wind speed, monthly wind direction, 
and monthly wind speed frequency distribution do not consider these “off time” records.  
These charts are displayed and further discussed in the Meteorological Results section. 
Regardless of minor inconsistencies within some of the data, there are plenty of 
good records to establish the expected wind speed, direction, and frequency patterns.  
Further discussion and percentages of these “off time” records follow on the next three 
pages (Table 1). 
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Spreadsheet Alignment of Wind Data with Electric Power Demand Data: 
The “off time” wind speed records proved to be even more of a hassle later on, as 
the hourly meteorological data were paired up with the hourly electrical load data 
supplied to me by Loup Power District and Cornhusker Public Power District.  The 
power districts’ electrical load data were largely in good form, with few data gaps.  
However, the meteorological data required hour by hour examination in order to throw 
out a few excess records, and to add quite a few blank records to compensate for data 
gaps and records with an “M” representing “Missing” data.  Eventually, the two sets of 
records were successfully lined up—hour by hour. 
 
Wind Turbine Power Curves: 
The power curves for two wind turbines—Gamesa and Suzlon—were found on 
their respective websites.  Thereby, two tables of kilowatts produced at particular wind 
speeds were set up in the Excel spreadsheet—a table for each turbine model.  Formulas 
were then set up to read each hourly wind speed and thereby calculate the kilowatts that 
theoretically would have been produced by the given wind turbine models in the given 
hours of the years.  The kilowatt/hours generated were then summed for each month and 
each year.  The spreadsheet is set up in such a way that other power curves can be put 
into the place of the existing ones and the total kilowatt/hours generated will be summed 
for them.  The power curves for the selected models of Gamesa and Suzlon wind turbines 
that were incorporated into the Excel spreadsheet calculations are shown in Table 2. 
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Graphical Alignment of Wind Data with Electric Power Demand Data: 
With the meteorological records, power districts’ electrical load records, and 
calculations of kilowatts produced by the turbines now all in alignment, informative 
graphical depictions of the records became possible.  Every month was then graphed, 
with one graph portraying hourly wind speeds and wind gusts overlaying typical wind 
turbine cut-in, nominal, and cut-out wind speeds, and another graph indicating how 
kilowatts of electricity generated by wind turbines could match up with the electrical 
power loads demanded by the customers of the two public power districts.  These two 
separate graphs were aligned concurrently—hour by hour—thereby giving a simulation 
of what could have occurred had there been wind turbines in operation in particular 
portions of the study area during calendar years 2005 and 2006. 
This process gives us a sense of the dynamics of the local atmosphere in 
comparison to the energy demanded by consumers of electricity.  It demonstrates, 
bluntly, the rigors and challenges of trying to incorporate wind into our current electric 
power grid system.  A better understanding of localized processes of wind dynamics and 
more specific maps portraying wind resources over localized areas are yet needed if wind 
is to become a major source of electrical energy. 
 
Capacity and Production Analysis: 
 
 Year 2005 and 2006 hourly projections of expected electrical generation from 
Gamesa and Suzlon wind turbines were summed, giving total kilowatt/hours generated 
for the two years.  These figures were “adjusted” due to some missing hourly data.  The 
process of adjustment involved “filling in” the shortage of expected kilowatt/hours 
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caused by missing data; the average wind speed for the given years was multiplied by the 
number of blank and missing records—which should generally compensate for the blank 
and missing records.   
The capacity factors for the two turbines were also calculated.  Simply stated, 
capacity factor is a wind turbine’s actual electric power output in a year, divided by the 
multiple of the wind turbine’s nominal generator rating and the total number of hours 
during a year; this number is multiplied by 100 to give the percentage.  Essentially, the 
capacity factor is a percentage of the maximum possible electric output of the given wind 
turbine.  The projected capacity and production of each wind turbine—considering the 
data utilized from the Columbus Municipal Airport—is noted later in the Economic 
Results section. 
 
Economic Analysis: 
The averages of the 2005 and 2006 total kilowatt/hours generated for each turbine 
were put into a spreadsheet to estimate the price needed to pay off the turbines within a 
20-year power purchase agreement.  Currently, here in Nebraska, the installed cost of a 
wind turbine is considered to be roughly $2000 per kilowatt nameplate capacity 
(interview with Billy Cutsor on July 2, 2008); therefore, this figure is used.  The cost of 
insurance is set at 1% of installation cost; while operation and maintenance expenses are 
set at $0.01 per kilowatt/hour (Gipe 2004, 73, 78, 358, 417).  The initial land easement 
payment to landowners is set at $4000 for the first year.  The insurance, maintenance and 
operation, and land easement payment figures are set at a three percent inflation rate.  
The price of a kilowatt/hour sold is considered to be “locked-in” for the 20-year period; 
thereby, the price of electricity in this scenario does not change with inflation. 
55 
 
The cost spreadsheet is set up as if a public power district owned the wind farm 
and was financing it through 20-year bonds with an annual payout of 5%.  Thereby, the 
Production Tax Credit (PTC) enacted by Congress—but available only to private utilities, 
developers, or owners—is ignored.  Property taxes and depreciation are also ignored in 
this spreadsheet.  Consequently, the expected price needed to pay off the wind turbines 
within the 20-year timetable is a rather rough estimate, not a fine-tuned and well-polished 
technical study; and, therefore, it should only be treated as such. 
 
Mapping the Study Area:  
Digital Raster Graphics (DRGs), Digital Elevation Models (DEMs), and 
shapefiles of county boundaries, towns, roads, railroads, and streams were downloaded 
from the United States Geological Survey seamless website (USGS 2009).  These were 
brought into ESRI’s ArcMap software program.  The DRG of the study area was placed 
as the bottom layer, with the DEM just above that, and the shapefiles as the top layers.   
The DEM was converted to contour lines with the contour interval set at 100 feet.  
Color coding of the lines allowed a progression of low elevation to high elevation.  This 
allowed the highest elevations in the study area to become readily apparent.  This is 
important, for when a given volume of air approaches ridges, this volume is compressed 
and must increase its speed over the ridgeline.  Once over the ridgeline, the volume of air 
decompresses and slows down in speed (Gipe 2004, 25).  Thereby, to find the expected 
higher wind speeds, look for the ridgelines indicated by elevation contours. 
Cornhusker Public Power District and Loup Power District were kind enough to 
provide maps of their electric power infrastructure.  Thereby, shapefiles of high-voltage 
electric power transmission lines and substations were created by drawing them over the 
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DRGs.  The DRGs indicated some of these items already, but some corrections and 
updates were necessary.  As high-voltage power transmission lines and substations are 
very expensive to build, economics dictate that wind turbines should be located near 
them—not far away from them. 
Remembering that commercial-scale wind turbines have the associated problems 
of light-flicker, acoustical noise, and low-frequency vibrations, it would be considered 
wise to locate them in an area with a low population density.  Regarding my local 
knowledge of the area, the eastern side of the study area is dominated by fertile farm 
ground, whereas the western side of the study area gives way to the more sparsely 
vegetated Sandhills.  Driving throughout the study area, one would note the higher 
population density of Colfax and Platte counties and the lessening of population as one 
moves west through Boone and Nance counties; Greeley and Wheeler counties have low 
population density. 
With the above in mind, it becomes clear that the area near Columbus in Platte 
County has the power infrastructure advantage, but the northwestern portions of the study 
area (Boone, Greeley, and Wheeler counties) have the edge in elevation and low 
population density.  As the study area encompasses a large region, and a thorough 
investigation of the entire study area would be time consuming and expensive, it becomes 
practical to narrow down the options.  Thereby, all elevations below the 1900-foot 
contour lines are ignored.  As these lower elevation areas are also coincidently the most 
densely populated, the risk of bothering residents with turbine issues is conveniently 
mitigated in many respects.  Regardless, proper site selection remains vitally important.      
57 
 
The academic works by Gipe (1993, 244-246), Shikha, Bhatti, and Kothari (2003, 
88-90), Feder (2004, 189-190), Taylor (2004, 270-278), Kaygusuz (2004, 102-104), 
Pasqualetti (2004, 37-38), Munkácsy (2005, 139-140), Tester et al. (2005, 622-623), and 
the informational website of National Wind Watch provide details about considerations 
for wind turbine site selection.  These articles each address one or more of the following 
topics:  aesthetics, birds and bats, effects on communications (such as radio and 
television), impacts on local ecology and wildlife, land use, location, noise, visual 
intrusion, and zoning.  Buvinger (1978, 216-221) describes processes to be undertaken 
before installing extra high-voltage transmission lines; there are many similarities in the 
processes between siting transmission lines and wind turbines.   
With this information in mind, and the aforementioned considerations of 
elevation, electric power infrastructure, and population density, an original and workable 
procedure for the study area developed as follows: 
 
Initial Site Elimination Procedure:  All sites below the 1900-foot contour line were 
eliminated to reduce the size of the study area.  Potential sites based on elevation were 
subsequently mapped.  (ESRI ArcMap was utilized for the mapping.) 
 
Buffering of Substations and Transmission Lines:  Substations and Transmission Lines 
with a minimum capacity of 115 kilovolts were mapped.  Multiple Ring Buffers allowed 
me to determine the straight line distance of the suggested sites from the nearest power 
infrastructure. 
 
Secondary Site Elimination Procedure:  Particular sites were eliminated from 
consideration for the “preferred” locations of wind turbines by meeting any of the 
following conditions: 
 
1) it was within two miles of any city or town  
2) it was within one mile of a residence 
3) it was within one mile of any aircraft landing strip 
4) it was covered by a river, stream, lake, canal, or pond 
5) it was within one mile of a designated wildlife habitat 
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Preference and Ranking Procedure:  This was based on environmental-physical 
considerations.  {Compute points:  add points for each “more preferable” situation; 
subtract points for each “less preferable” situation.}  
 
A site was “more preferable” if: 
1) it was at the crest of a hill; or it sits on a flat high plain with few or no obstacles 
{add 100 points for the 2000-foot elevation contour} 
{add 200 points for the 2100-foot elevation contour} 
{add 300 points for the 2200-foot elevation contour}  
 
A site was “less preferable” if: 
1) it was far from high-voltage electric power transmission lines  
{115 kilovolt lines or higher:  subtract 20 points per mile away} 
2) it was far from an electric power substation  
{115 kilovolt or higher:  subtract 10 points per mile away} 
 
The Ranking Procedure:  The higher number of the deducted points (from either the 
distance from the nearest substation or transmission line) was subtracted from the 
elevation points.  The results were ranked and mapped accordingly.  (Examine the 
Conceptual and Methodological models in the Appendix.) 
 
 
 Google Earth images, county plat maps, and a tour of part of the study area helped 
to indicate where some of the preferred locations for wind turbines would be.  Utilizing 
any one of these methods alone proves very difficult.  It is sometimes difficult to 
distinguish between habitable and uninhabitable farmsteads and ranches using Google 
Earth; and some of the images may be a few years old.  County plat maps are typically 
helpful as they also show building sites and residences; yet, there may be unlabeled sites 
or occasional errors in these.  A partial tour of the study area was taken, but this also 
proved frustrating, as there were several minimum maintenance roads and some gravel 
roads that were impassible due to snow banks or muddy conditions.  While touring the 
area is helpful, an attempt to cover the entire study area would be cost prohibitive and 
time consuming.  Thereby, utilizing the three methods in tandem became the preferred 
method of assessing the study area.  
59 
 
 
Meteorological Results: 
 
The study area demonstrates the meteorological patterns common to a North 
American mid-latitude climate.  Generally speaking, winds are relatively calm at night, 
begin to blow slowly after dawn, become fairly brisk during the mid-afternoon, and 
slowly die off after dusk.  This is the year-round tendency which is seldom deviated 
from—excepting for the passage of fronts and weather systems.   
On a seasonal basis, the winter’s cold, dry, northwesterly winds provide ample 
power with their density and favorable speed.  Spring is prime for wind energy—as these 
same cold, dense, dry winds battle for supremacy over the insurgent warm, moist, 
southerly winds from the Gulf of Mexico; these strong frontal clashes make this time of 
year exceptional for potential power generation.  Meanwhile, the summer is a definite 
downtime as the frontal battles are forced to yield to the calming stillness of dominating 
high pressure systems.  Winds begin to pick up again in the cool autumn.  Anyhow, that 
is how it shapes up for the Columbus, Nebraska area. 
 
Charts of Wind Characteristics: 
Three different styles of charts were created for every month for calendar years 
2005 and 2006; these charts indicate the hourly characteristics of the wind for these two 
years as recorded at the Columbus Municipal Airport.  The first style of chart graphs the 
mean hourly wind speed; this indicates the average wind speed to be expected at a given 
hour of day during particular months (Fig. 5, pp. 61-62).  March, April, and May tend to 
be very good months in terms of high wind speed.  June, July, and August exhibit 
markedly low wind speeds.  Notably, given months can vary somewhat from year to year.   
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The second style of chart functions as a wind rose; it indicates the wind directions 
(in tens of degrees) for a given year and the frequency of how often it blew from those 
given directions (Fig. 6, pp. 63-64).  Late autumn, winter, and early spring are influenced 
by cold, dry, northwesterly winds.  Late spring, summer, and early autumn are known for 
more southerly winds.  Accordingly, this is represented well on the wind rose charts.  
Interestingly, the two different years indicate 330° as the most dominate northwesterly 
direction, and 170° as the most dominate southerly direction.  Year 2005 was a bit more 
influenced by southerly winds, while 2006 showed a slight favor to the northwesterly 
winds.  As with the wind speeds, monthly wind directions can vary somewhat from one 
year to the next—though the general pattern remains relatively constant. 
The third style of chart graphs the wind speed frequency distribution; this shows 
the percentage of time that the wind blew at for each given wind speed recorded during 
the given year (Fig. 7, pp. 65-66).  Unfortunately, from a wind power perspective, calm 
winds seem to be the most dominate, and low wind speeds below the typical wind turbine 
cut-in speed of 4 m/s (8-9 mph) are also pretty well represented.  Oddly, the anemometer 
at the Columbus Municipal Airport apparently does not like to record particular wind 
speeds; as one may notice, the following speeds are non-existent or very sparse:  1, 2, 4, 
11, 19, and 27 (mph).  None-the-less, plenty of wind energy is still available; and the 
wind speed frequency distributions for the given years both indicate a relatively normal 
curve or profile.  The wind speeds between the nominal rating and cut-out rating of the 
given wind turbines would be particularly productive for electric power generation.  Even 
though these wind speeds are less frequent, they yield the most available energy. 
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Fig. 5a:  January, February, & March 2005 / 2006 Average Hourly Wind Speeds
Fig. 5b:  April, May, & June 2005 / 2006 Average Hourly Wind Speeds
Figure 5.  Average Hourly Wind Speeds.  (continued on next page)
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Fig. 5c:  July, August, & September 2005 / 2006 Average Hourly Wind Speeds
Fig. 5d:  October, November, & December 2005 / 2006 Average Hourly Wind Speeds
Figure 5.  Average Hourly Wind Speeds.  (continued from previous page)
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Fig. 6a:  Wind Direction Frequency for Year 2005.
Figure 6.  Wind Direction Frequency.  (continued on next page)
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Capacity and Production Results: 
 
 The 80-meter hub height extrapolated average wind speed for year 2005 at 
Columbus Municipal Airport is 5.5 m/s; while year 2006 yielded an average of 5.4 m/s.  
This converts to 12-13 mph.  These numbers are from the available data that were 
recorded at the Columbus Municipal Airport and extrapolated by using the atmospheric 
equations discussed previously in the Methodology section. 
 Recalling that there were some missing records, I projected some additional 
electric power generation by the wind turbines.  This consisted of multiplying the 
appropriate kilowatts output from the wind turbine power curves (at the average wind 
speed for the given year) by the number of blank and missing records.  This was added to 
the generation totals from the regular records.  Both the regular and adjusted projections 
have been recorded for each wind turbine, as well as the expected capacity factors for 
both years.  These projections are listed on the following page (Table 3). 
 The calculations indicate that 3,700,000 to 4,000,000 kilowatt/hours would be a 
good range to expect in terms of average annual electric power generation from 2.0 or 2.1 
megawatt nameplate capacity wind turbines—if they were to be located within the 
floodplain of the study area from which the meteorological data came from.  Their 
expected capacity factors would range from 20 to 23 percent.  Since floodplains are 
generally poor wind turbine sites, electric power generation is expected to be better suited 
to the hills and high plains of the study area.  Unfortunately, no public records of wind 
speeds exist for those particular areas. 
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Economic Results: 
 
 Initially, it was hypothesized that wind power could supply 10% of the study 
area’s need for electricity at a cost of $0.07 per kilowatt/hour.  I first proposed this back 
in the Spring of 2006.  The price of materials used to make wind turbines and other 
infrastructure has increased dramatically within the last few years due to worldwide high 
demand.  However, with the current economic downturn and volatility, it is difficult to 
state current prices for materials—such as steel, copper, and composite materials—with 
any definitive certainty.  Therefore, the cost of $0.07 per kilowatt/hour may or may not 
be valid—it depends on the wind speeds in the preferred portion of the study area, which 
I was unable to extrapolate.  My extrapolations are valid only for the conditions relevant 
to the floodplain from which the meteorological data came from.   
A worst case scenario would be to site wind turbines in the Platte or Loup River 
floodplains in the southern part of the study area; here, a calculated minimum sale price 
for electricity of approximately $0.14 per kilowatt/hour would be needed to pay off the 
wind turbines in a 20-year time range—assuming the conditions in the “Economic 
Analysis” section above apply, and no major problems occur.   
Sited properly, a 20-year locked-in rate (sale price) of electricity of approximately 
$0.10 per kilowatt/hour certainly appears valid at this moment in time—given that the 
site has wind speeds 25% faster than those extrapolated above the Columbus Municipal 
Airport.  Under the slightly more risky assumption that the best wind speeds in the study 
area are 50% faster than those extrapolated above the airport, $0.07 per kilowatt/hour is 
feasible.  This was demonstrated when I multiplied the extrapolated wind speeds for 
every hour by 1.5; this causes the power curves to be reread, which results in new 
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adjusted calculations for amount of kilowatts generated per hour, thus “bumping up” the 
number of kilowatt/hours that could be sold.  This wind turbine would essentially be paid 
off with more electricity—which could be sold at a cheaper price.  Again, the importance 
of accurate wind speed measurements is demonstrated.  That is why on-site wind speed 
measurements would be greatly preferred to extrapolations.   
 In regards to the amount of electricity that wind power can generate for the study 
area, 10% is certainly possible—it simply depends on how many of these daunting 
structures the locals want to see upon their landscape.  A realistic projection was 
calculated in the Excel spreadsheet:  40 Gamesa or Suzlon wind turbines (nameplate 
capacity of 2.0 to 2.1 megawatts) would generate approximately 8 - 9% of the electricity 
needed in the study area—if the turbines were located in an area with similar conditions 
to those recorded at the Columbus Municipal Airport.  As better wind potential exists 
elsewhere within the study area, this indicates a fairly minimal estimate. 
 Yet, it is wise to remember that this is an “average” percentage of kilowatt/hours 
that could be generated.  At times, this will be 0% of the load; and at other times, this will 
actually exceed the electric power demand within the study area—thus being over 100%.  
This could be tricky to integrate into the local power grid.  Yet, it is important to 
remember the availability of the local hydropower plants—which could partially 
“balance” the load.  And, of course, the power utilities have become very experienced at 
being able to manage the often erratic demand patterns of consumers—after all, we don’t 
have a blackout every time someone flips a light switch off or on.  This is not to trivialize 
the problem of wind integration; it simply shows that we often develop ways and means 
of solving the problems that we face. 
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Mapping Results: 
 
 Certain areas within the study area are definitively better than others for the 
placement of wind turbines.  Most of the high-voltage transmission lines and substations 
are in the vicinity of Columbus—which is to be expected, as that is where the bulk of the 
population and industry is.  Unfortunately, this high population density area is not 
preferable for commercial-scale wind farms—due to the potential problems of light-
flicker, acoustical noise, and low-frequency vibrations.  Thereby, the less densely 
populated northwestern region of the study area would be preferable, and it would allow 
greater flexibility in proper site selection. 
 In terms of elevation, the northwestern region is also more suitable.  The hilltops 
and ridgelines compress moving air as it flows over the terrain; accordingly, the wind 
must increase in speed as the volume of the air parcel tries to squeeze through narrower 
spaces.  It is preferable to have ridgelines perpendicular to the flow of the airstream—as 
this enhances the wind speed.  Unfortunately, many of the ridgelines in the study area 
have a west-northwesterly orientation; therefore, the predominately northwest winds of 
winter will not compress much.  In actuality, the winds may be decompressing slightly—
as the elevation slowly but steadily rises to the west of the study area.  Perhaps the 
southerly winds of summer will yield more compression and wind speed increase.  This 
situation would be ideal, since the study area consumes more electricity in the summer 
than in winter. 
 Figure 8 (p.73) shows the northwestern portion of the study area.  This includes 
western Boone, northwestern Nance, southeastern Wheeler, and northeastern Greeley 
counties.  The elevation contours for 2000, 2100, and 2200 feet above sea level are 
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shown; lower elevations are not mapped—as they would be less suitable due to lower 
expected wind speeds.  Within the confines of the study area, Wheeler County exhibits 
the highest elevations.   
In addition to elevation, the map indicates the straight-line distances in miles from 
the electric power substations (115 kilovolts or higher capacity) and transmission lines 
(also 115 kilovolts or higher).  The further the wind turbine would be from existing 
power infrastructure, the more expensive it would be to run 34.5 kilovolt lines from the 
turbine to the substation.  If substation capacity is lacking, and a new one needs to be 
built, the project becomes even more expensive.  Thereby, the ideal situation is to locate 
wind turbines near substations and transmission lines with adequate capacity to handle 
the additional wind power generation.   
Proximity to substations and transmission lines (of 115 kilovolts or higher), 
elevation, and a one mile setback from residences were all carefully considered to 
determine the “preferred sites” for wind development (Fig. 9, p. 74).  As mentioned 
previously in this paper, wind turbines have the associated consequences of light or 
shadow flicker, acoustical noise, and low-frequency vibrations.  Although not all people 
are detrimentally affected by these given phenomena, it would be wise, practical, and 
considerate to observe a proper setback for wind turbines from residences and places of 
communal gathering.  One mile is utilized as the setback distance in this study. 
The extreme northwestern portion of the study area emerges as the preferred site 
for potential wind power development as a result of these considerations.  A mix of 
rugged sand hills and flatter sandy expanses characterizes this particular location. 
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Discussion of Results: 
 
Meteorological Discussion: 
 In consideration of the technical difficulties involved, and the unsteady nature of 
the wind within the study area, it would be wise and practical to measure wind speeds at 
any given proposed sites prior to erecting wind turbines at those given sites.  Wind 
models in themselves are not generally considered reliable enough for such expensive 
projects—the risk remains too great—despite the recent improvements in meteorological 
modeling.  On-site wind measurement is critical for proper micro-siting of wind turbines.   
Only vertical extrapolations above the Columbus Municipal Airport anemometer 
are utilized within this thesis study; no horizontal extrapolations were found during the 
research.  Consequently, extrapolations of wind speeds could not be reliably made for the 
portions of the study area at higher elevations—where the wind is expected to be more 
suitable for electrical generation.  Thereby, the economic estimates are valid only for the 
river valley floodplains in the southern part of the study area. 
 
Capacity and Production Discussion:   
Twenty to 40 wind turbines (of approximately 2.0 megawatt nameplate capacity 
each) would probably be a reasonable assessment of what could be reliably integrated 
into the local power grid.  Judging from the performance of other wind turbines within 
Nebraska, capacity factors in the study area would likely range from a low of about 20% 
to a high of nearly 40%.  The local hydroelectric facilities would be key in allowing 
better integration of wind power within the local study area—as these facilities would 
provide a crucial instantaneous balance to the often erratic nature of the wind. 
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Difficulties in Economic Estimates: 
Various reasons contribute to the rough estimates for the costs of a wind farm.  
Complexity is added by differing regulations for public versus private utilities, and small 
versus large utilities.  Wind turbine prices have gradually increased in the past few 
years—reversing the earlier downward trend in prices; this is largely due to the increased 
demand for wind turbines (US DOE EERE 2008).   
Additionally, in the years of 2008 and 2009, the worldwide economy is 
undergoing fluctuations due to questionable financial practices in the banking and home 
mortgage loan industries—as well as various corruption scandals by individuals in both 
business and government.  It is hard to put an accurate price on certain items when so 
much market uncertainty abounds.  And again, federal and state incentives or 
disincentives for particular energy systems can change on a year-to-year basis depending 
on the passage of laws.  In all honesty, the economic price projections derived in this 
thesis may be obsolete within a year or two. 
 
Other Potential Ownership and Financing Methods: 
A given wind farm can take on one of three distinctly different ownership forms:  
1) ownership by a public power district or electric cooperative; 2) ownership by an 
investor owned utility, a private developer, or by private landowners; 3) ownership by 
landowners and equity partners, sometimes known as Community-Based Energy 
Development (C-BED).  Each different type of ownership has different financing 
strategies; these strategies can change yearly due to passage of federal and/or state laws 
creating either incentives or disincentives regarding the utilization of various energy 
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forms.  Thereby, various systems of financing have emerged over the years.  A discussion 
of various ownership and financing structures can be found in the handbook, Community 
Wind Financing, published by the Environmental Law and Policy Center; this can 
currently be found on their website (Environmental Law and Policy Center). 
 
Future Prospects for the Integration of Wind Energy: 
In respect to the future, new technologies are being researched that could make 
wind power much more economically and technically feasible within the Midwest.  John 
Pocock (2006, 18-20), writing for The Corn and Soybean Digest, states that universities 
in North Dakota and Minnesota are researching the possibilities of utilizing wind energy 
to electrolyze hydrogen from water as a “storage” mechanism.  Electricity from wind 
energy could also derive hydrogen from ethanol.  Ethanol plants currently use a 
distillation process to separate water from ethanol.  New types of reactors are being 
developed to make this process more economical.  The hydrogen would be integrated 
with nitric oxides (derived from combustion at coal power plants) to produce urea 
fertilizers; thereby, the current major feedstock of expensive natural gas could eventually 
be replaced.  Hydrogen would be stored and used in fuel cells, as well. 
Plug-in Hybrid Electric Vehicles (PHEVs) contain potential for wind power as 
well.  The article “Driving on the Cutting Edge”, by Scott Gates (2008b, 12-13), 
describes how these vehicles could be charged while the wind blows.  When the wind is 
calm, these PHEVs could use some of their “stored” energy to supply energy back to the 
power grid.  Granted, these are early in the development stage, and there are battery 
issues to overcome, but the potential is significant in terms of potential power grid 
stabilization and wind power utilization.  Perhaps the most intriguing thing is that 
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pollution would even be cut down, since less gasoline would be burned by the 
transportation sector of our economy—hence, fewer carbon emissions. 
The article “Saving Energy with Smart Appliances”, in the Rural Electric 
Nebraskan (2008b, 13), discusses how the future power grid could be assisted by “smart” 
appliances.  These appliances are imbedded with “smart” computer chips that know when 
the price of electricity on the power grid is the cheapest.  As some utilities set rates to 
decrease high power demand during certain parts of the day, the chips respond by 
powering on the appliances at more appropriate times, thereby reducing power peaks and 
leveling out electrical power generation.  A complimentary article entitled “The 
Importance of Energy Efficiency”, by Jennifer Taylor (2008, 12-13), discusses other 
methods being undertaken by power utilities to reduce electrical waste and inefficiency.  
Direct-control over appliances on the grid is being utilized by some utilities. 
New meteorological modeling, wind forecasting, and wind mapping companies 
are arising to meet the needs of the booming wind industry.  As stated previously, the 
Nebraska Energy Office requested that AWS Truewind develop wind maps for the state 
of Nebraska.  These maps have been available for a few years now.  I expect that these 
maps will only grow in accuracy, detail, and clarity as the meteorological models become 
more precise, advancement occurs within the field of Geographic Information Systems 
(GIS), and the computing technology grows in sophistication and processing speed.   
  
  
 
 
 
 
 
79 
 
Conclusion: 
 
 The need for proper wind turbine site selection is vital for several reasons.  Wind 
turbines may cause some environmental problems if sited improperly.  Indeed, even basic 
human health is potentially at risk if certain people are susceptible to the strains of wind 
turbine induced noise, light-flicker, or low frequency vibrations.  Birds, bats, and other 
wildlife may be endangered by or feel uncomfortable near wind turbines.  These 
environmental issues can be mitigated by carefully planned site selection.  Appropriate 
zoning ordinances by local officials can go a long way in ensuring that wind turbines are 
positioned in the best possible geographic locations. 
 Even though “multi-megawatt” wind turbines are now popular among the wind 
industry manufacturers—and perhaps even among some electric power utilities—these 
new products of engineering and modern technology are not without their flaws.  
Granted, while these are yet in the early stages of their development, it may be wiser and 
more practical to install smaller wind turbines that have a demonstrated track record.  
Perhaps these will have fewer blade fracture problems.  Smaller turbines generally have a 
shorter radius of problems associated with light-flicker, noise, and vibrations.     
 Adequate wind speeds are fundamentally vital to the profitability of a wind 
turbine or wind farms.  Due to the cubing of wind speed in the wind power equation, a 
single mile per hour of wind speed difference can enormously affect the economic 
implications of any given project.  Additionally, projects will be less expensive if they are 
located near existing electric power infrastructures that have the capacity to integrate the 
wind projects’ electricity into the power grid system.  Many proposed projects have died 
either because of a lack of the wind resource or a lack of adequate transmission capacity. 
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 In recognition of the facts that we are highly dependent on non-renewable 
resources (which are subject to future price hikes and fluctuations due to geopolitics), and 
that various environmental issues are of significant concern, the necessity of examining 
new power systems is crucial to our future well-being and comfort.  The transition to 
renewable energy systems has been slow but relatively steady in recent years.  From 
environmental, economic, and technological points of view, wind energy is now 
establishing itself as an essential and viable option. 
 In regards to all of this, I have found that wind energy is an appropriate asset that 
can be tapped within the study area.  Wind energy integration into the existing power 
infrastructure seems reasonable and practical, and benefits can accrue to the local 
population.  Indeed, wind energy development has already been proposed for particular 
portions of study area; and this development seems likely within the next few years.       
The future of wind power is certainly a relevant and dynamic subject to be 
studied.  New technologies for better wind power integration into the power grid are sure 
to emerge.  In the meantime, it is wise to recognize the fact that the wind blows as it 
pleases.  Sometimes, it is completely calm for several days on end; other times, it is 
fierce, relentless, and devastating.  Domesticating it for our purposes may be difficult, but 
it is not entirely impossible.  You have to know it to tame it. 
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Appendix: 
 
 
Photographs of the Study Area       88 
 
Conceptual Model     
Electrical Generation from Wind Power:   
Process and Infrastructure that Determine Site Selection  89 
 
Methodological Model     
Identifying Sites Suitable for the Placement of Wind Turbines  90 
 
 
  
88 
 
At Left:  A Western Area Power 
Administration (WAPA) 345 kilovolt 
transmission line crosses rugged 
terrain near the Boone, Greeley, and 
Wheeler county boundaries. 
 
 
 
 
 
 
 
 
 
 
Above:  Cattle graze on grassland in 
the flat Beaver Creek Valley.  
Rugged hills with grass and cedar 
trees rise to the north.  Location is 
west of Petersburg, Nebraska. 
 
 
At Left:  Pastureland and Sandhills 
lie to the northwest of Loretto, 
Nebraska. 
 
 
 
 
 
Below:  Cattle graze in corn fields on 
a ridge that overlooks lower-lying 
areas to the north.  Location is near 
Akron, Nebraska. 
 
 
 
 
 
 
 
 
 
Above Left:  The scenic Cedar River ripples at sunset.  Location is near the western 
fringe of the study area. 
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Electrical Generation from Wind Power: 
 
Process and Infrastructure that Determine Site Selection 
 
 
 
 
 
 
 
 
 
 
 
 
 
Other 
Miscellaneous 
Processes & 
Considerations 
Terrain 
Characteristics 
Infrastructure 
Characteristics 
Wind 
Characteristics 
Wind 
Turbine 
Location 
Speed 
Density 
Direction 
Buildings 
Highways 
Power Lines 
Topography / Landscape 
Vegetation / Land Cover 
Geology of Soils & Bedrock 
Economics 
Politics 
Regulations 
Social Acceptance 
Technological Feasibility 
Consistency Substations 
90 
 
Methodological Design Model:    
Identifying Sites Suitable for the Placement of Wind Turbines
Utilize Google Earth, 
County Plat Maps, 
DRG and DEM, and 
Visual Fieldwork to 
further assess 
Potential Sites within 
the Study Area 
Identify and Map the Best Sites in the Study Area  
for the Placement of Wind Turbines; Rank the Sites 
Download United States Geological Survey 
Topographic Maps (DRGs), Digital Elevation 
Models (DEMs), and relevant Shapefiles for 
the Initial Assessment of the Study Area 
Physical-Environmental Terrain Features 
that affect the Placement of Wind Turbines 
ESRI 
ArcMap 
mapping 
software 
Terrain 
Analysis and 
Notation of 
Features on 
the Landscape 
Unfavorable Elements: 
affecting wind flow: 
 close to Buildings, Towers, Windbreaks, 
Waterways / Valleys, and other obstacles; 
affecting aesthetics: 
close proximity to Scenic Landscapes, 
Communities, and certain other places; 
affecting environment: 
close proximity to Wildlife Habitats 
Favorable Elements: 
Site on Ridgelines, Hilltops, and High 
Plains; close proximity to Power Lines, 
Power Substations, and Access Roads  Units of Measurement: 
 
Nominal: 
where a wind turbine 
can be sited, verses 
where a wind turbine 
cannot be sited; and 
 
Ordinal: 
sites ranked in order 
of best suitability 
